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Description 

The present invention reiates to novel insulin derivatives having improved properties, to methods fur 
their preparation and to preparations containing such novel insulin derivatives. 

In the treatment of diabetes mellitus. many varieties of insulin preparations have been suggested and 
used Lven though improved insulin preparations have steadily been invented during the insulin era, there is 
still a need for insulin preparations with improved properties. 

Acidic solutions of insulin have been used earlier, both as short-acting preparations and together with 
protamine and or ^\nc as long-acting preparations. However, under ordinary circumstances the chemical 
stability C'f insulin at pH values below 4 5 is low, as formation of desamidoinsulins (Sundby. F , J. Biol. Churn 
23/ ( 1 3406 - 341 1) and covalent dimers (Sterner ct al., Diabetes 17 (1968). 725 - 736) takes place In 
the pH range 4 5 - 6 5, insulin precipitates. Hence, in order to obtain soluble short-acting insulin 
preparations (by the addition of blood-*low enhancing agents) and long-acting insulin preparations (by the 
addition of protamine and 'or /inct an insulin stable at a 'ow pH would bo desirable 

One object of this invention is to provide insulin derivatives with improved properties 

A second object of this invention ts to provide solutions of insulin derivatives having an improved 
stability. 

A thud object of this invention is to provide preparations of insulin derivatives with low or with no 
immunogenic activity 

A fourth object of this invention is to provide insulin preparations which are soluble at pH values from 
? 0 to 8.0. preferably from 2.0 to 4.5 and from 6.5 to 8.0. 

A fifth object of this invention is to provide solutions of insulin derivatives having an improved stability at 
pH values of 3-4. 

A sixth object of this invention is to provide long-acting solutions of insulin derivatives. 

The present invention relates to human insulin, porcine insulin, rabbit insulin and des(B30) human 
insulin wherein the A2t amino acid has been substituted by Ala, Gin, Glu, Gly, His, lie. Leu, Met. Phe, Ser 
Thr. Trp, Tyr, Val or hSer. 

Such compounds can be designated by the general formula I 

INSUL-A21 

I (I) 
B30 

wherein INSUL represents des(A2 1 ).des(B30) human insulin and API represents one of the amino acids Ala 
>'•• • i!..- He V- i -i: M-c Pr-. ( ,. Ser. Mr. Ire, !,:. Val hoe; connected to (, V V"" ,n iNSUt . t uc 

B30 represents hydrogen or one of the amino acids Ser, Ala or Thr connected to Lys B: ' () in INSUL. 

it is Known that during the acidic ethanol extraction of mammalian insulins many dimers are formed 
(Sterner ) and, furthermore, monodesamidoinsulins are formed under acid conditions (Sundby). 

It has now, surprisingly, been found that the formation of such undesired dimers is substantially 
•• l.i' « d or almost eliminated when the ir.su in compound used is one of the above insulin derivative^ 
wherein Asn A,M lias boon exchanged with one of the above-mentioned amino acids T he s sul •stitntu m abr 
- liminatC": the formation of monodesamido insulins 

1 he novel insulin derivatives have the following advantages 
I) 1 he h.'imate»n uf the- immunogenic dimers. ■ e. covaiently linked insulin molecuos linked either Vi'ougl 
the two A-chuiub, (AA) dimer, or through ono A-chain and one B-chain, (AB) di'^e- (Helbrg, HJ. 
Deutsche Wollforschungsmstitut. dissertation, 1976) is substantially eliminated {a chromatographic frac- 
tion of crude porcine insulin, the b-component, containing the dimers was shown to be immunogenic in 
rabbits rSchlK.htkrull et al.. Horm Metab Res Suppl 5 (1974). 134 - 143)) 

2i I he stability -."4 the novo! insulin derivatives t so high that it will pre ha b!y he | . ■.-'■'.\ t, . -* •. 
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5) In the pH range of 3-4. which is inappropriate for mammalian insulin because of chemical instability, 
useful solutions of insulin derivatives can be made in the presence of magnesium ions in concentrations 
of 0 005 M to 0 5 M, preferably with insulin derivative? of formula I wherein A21 is different from (iln 
(.)) It A'lil be possible to prepare soluble, rapidly acting preparations containing the novel insulin 
denvativt.-s by the addition of compounds wind") enhance the absorption 

.') It will be possible to prepare soluble, retarded preparations containing the novel insulin derivatives by 
the addition <-,f /me and or protamine to acid solutions, i e solutions having a pH value m the range from 
2 5 to 4 

8) It will bo possible to prepare preparations containing the novel insulin derivatives having different 
; u profiles 

C impounds of formula I may be prepared by a transpeptidase n reaction in wh-ch a biosynthctn 
precursor compound having the general formula II 

I NSUL-A 2 3 

1 ( II ) 

X 

wherein A21 is as defined above, and X is a bond, an amino acid residue or a peptide residue bridging the 
ear bo <y I group of Lys B?y to the amino group of Gly A1 , is reacted with an amino compound of the general 
formula III 

/-OR (III) 

wherein Z is The Ala or Ser wherein any hydroxy grouo may be protected, and R is a carboxy protecting 
group [C g methyl or tort-butyl), using trypsin cr a tr y p >in- ; ih o enryme as a catalyst in a mixture of water 
and organic solvents analogously as described in US patent specification No 4,343,898. whereafter the 
cartxxy protecting group and any hydroxy protecting group is icmovcd. X may for example by a moiety of 
<u the fe: muia IV 

-(0,,-h (IV) 

wnereiM O is a peptide chain arid q amino acids, g is an mtegei from 0 to 33, K is Lys or Arg, and r is zero 
or one 

Compounds of the formula II may be prepared by a method similar to the method described in 
[ etor.ear-; paten! application Nos 163,529 ana 214 82o By this method a i)NA--- ; g jee- e encoding a 
compound with the formula II is inserted into a suitable expression vector which, when transferred to a 
suitable yeast strain, is capable of expressing the desired compound with correctly positioning disulphide 
in bridge s The product expressed is then isolated from the colls or the culture broth depending on whether it 
i!r seceted from the cells or not 

Ai neutral pH. compounds of formula I have; the sarr e marge ar, human ins urn hi sclution. ■ ..mp-'un jr. 
i f fuunula I may he present as heyamers. 

[ --ampies of spocifh prefo- red compounds > • i \<: • ; to thT invention are the fr 1. 1.\ : r -.. j (jl ¥ ;- ' o/rer. 
: ir^uiir. Ala"'' human insulin. Ser'" 1 human insulin. Thr''"' 1 unman insulin, hSer A ' M human insulin (y/' /: 
; ■■< ; "e r ei,l i Ala"' ' per one rise. in, Ser"'' puK.me iiis->liti anO I fir"- porcine insulin 

Insulin preparations of this invention can ho prepa-ed by dissolving a compound of fermula I m an 
aqueous medium at slight 1 '/ acidic conditions, for example in a rnncenhation of from 240 tc 600 nmole ml. 

The aqueous medium can he made isotonic by the addition of sodium chloride, sodium acetate or 
o'ycro! 

If a on.itra' tt rt i preparation is required the above mentioned isotonic agents >' an >n r-nrt •'•! >• ompleti •'•/ be 
<o b, ■ ■. - * ■ t if a "I'dun 1 ■ -f ,'irr . a ; ts at a ■ ■ j'r outrati< --i ' * ; f up ' £ > > ■ O /' ■ urn : ■• 
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to 0 5M. preferably above 0.05 M The upper limit is somewhat arbitrary being chosen from the assumptiun 
that in some oases (e.g. for intraperitoneal infusion) some overstepping of isotonicity ma/ be acceptable. 
A . Mh.iiri-j to a preferred embodiment of this invention the preparations contain magnesium ions in a 
■. .on: .initiation j\ from 0 08 M to 0 3 M. 

It has furthermore been found that protracted - or further protracted - preparations of the insulin 
derivatives of this invention are obtained when protamine is added to the above mentioned preparations i t 
the preparations containing no ^nc ions and no magnesium tons, the preparations containing zinc ions and 
the preparations containing magnesium ions. The amount of protamine to be used is from 5% to 50% 
preferably from 8% to 40%, more preferred from 10% to 30% on the basis of insulin (weight weight). 

Insulin preparations with enhanced absorption properties can also be obtained by the addition cf 
argrnino or lysine to an agucous solution of the insulin. The preferred concentration of those amino acids is 
from 0 01 M to 0 2 M 

I ho insulin preparations may further contain buffers such as acetate- and citrate and preservatives such 
as phenol, m-eiosol and methyl paraben The pH of the solution is adjusted ■■> the desire i value and the 
insulin preparation is made sterile by sterile filtration 

Insulin solutions of this invention having a pH value in the range 3 - 6.2 may also be particularly useful 
for the puroose of infusion by means of pumps, because of a lack of insulin precipitation caused by carbon 
dioxide diffusion through catheters Such precipitation has boon observed occasionally with neutral infusion 
solutions, and is believed to be attributable to the lowering of the pH value caused by carbon dioxide. 

Ih- abbreviation:, used herein for the amino acid residues are those state in J.Biol.Chom 243 (1968}, 
3558 The amino acols stated herein are in L configuration. Within the conte>t of this invention the term 
insulin when used in a plural or generic sense is intended to encompass both naturally securing insulin ? 
and insulin derivatives Gly A21 human insulin is human insulin wherein Asn A21 has been exchanged by Gly 
and similarly for similar names 

The insulin preparations of this invention can be used in the treatment of diabetes. It e. recommended 
ttiat the dosage of the insulin preparations of this invention be selected by a physician similarly to the 
selection of the dosage of known insulin preparations for injection. 

Any novel feature or combination of features described herein is considered essential to this invention. 

Pxample 1 

Preparation of Gly Al>1 Human Insulin 

'i'y human msjlin was prepared by Wanspeplication of a cempourd wnich act ornmg to formula II 
can be formulated as 

INSUL-Gl/^ 1 

I (V) 
A 1 a - A 1 a-I,ys- 

aT.i i-t the terminal Ala of the bridging peptide is linked to the carbexy group of I ' and I e Iiuki d 
to \\\r, .imine group of Gly A1 . with Thr-OMe (L-threonine methylester) followed by hydrol/sts of the ester 
;r.u; with agucous Medium hyecoxide fhus 100 trig of the compound of forme a V was dissolved in 0 5 it I 
f 10 M at elic acid and 1 ml of 2 M Thr-OMe in N,N-dimethyfac etamide was added The mixture wa^ 
• oe'ed to 12 C C 10 mg of trypsin dissolved in 0 2 ml of 0 05 M calcium acetate was addeJ After 48 hours 
at 1 2 " i J the proteins were precipitated by addition of 20 ml of acetone. The conversion of tne starting 
ma!-ral ■ Gly A,M -(Thr-OMe) D3t! human insulin was 80% by HPLC 

250 ir,g of ( ily ''' '' - < I hr-OMe ) H " :n human insulin w,r, -i i~pr ndod »n 25 m! ,-.f , \ g.. ,! Vf ;i j p v \)-„ 

.-it ,:, 1 N • ! •• ' , !•• - % . ! ;!. n ' <. ; H . : :, < P.! 0 fh- ; ;.H ••, { ■ . . • : : • ,-.! inn*- 
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Thu compound of formula V was prepared by a method analogous to example 2 of European patent 
application No. 214.826. 

I. /ample 2 

Preparation of Injectable Solution of Compounds of Formula I 

15 umol of Gly A21 human insulin containing 0 5°o of zinc are dissolved in water (5 ml) containing 
hydrochloric acid (80 ul of 1 N) followed ty the addition of an aqueous solution (10 ml) containing phenol 
(6b (Tig) and glycerol (400 my) The pH value of the solution is adjusted to 3 0 by means of a sodium 
hydroxide solution and the total volume* is adjusted to 2b ml with water, I he resulting solution is sterilized 
by filtration and subsequently transferred aseptically to vials {5 ml). 

Fvample 3 

Soluble Preparation of Gly At - M Human Insulin with Protracted Action 



lb urnol of Gly'*" M human msuiin (zinc free) are dissolved in water (5 ml). To this solution is nridpd 
hydrochloric acid (80 ul of 1 N) and zinc chloride (100 ul of 0.6 M) followed by the addition of an aqueous 
solution (15 ml) containing protamine: sulphate (37 mg), m-cresol (50 mg) and sodium chloride (200 mg). 
The pH is adjusted to 3.5 with sodium hydroxide solution and the total volume is adjusted to 25 ml with 
water. Finally, the solution is sterilized by filtration and transferred aseptscally to sterile vials. 

The absorption profile after subcutaneous injection in pigs was found comparable to that of the welt 
known insulin suspension Protaphane^HM 100 lU'ml. 

Example 4 

Soluble Preparation of Gly A21 Human Insulin with Fast Action 

15 umol of Gly AV1 human insulin (zinc free) are dissolved in water (10 ml). To this solution is added 
hydrochloric acid (40 ul of 1 N) and magnesium chloride (2.6 ml of 1 M) followed by the addition of an 
aqueous solution of benzyl alcohol (8 ml of 0 3 M) The pH is adjusted to 5 7 with sodium hydroxide 
solution and the total volume is adjusted to 25 ml with water Finally the solution is sterilized hv filtration 

t ;lld l! <:l irdoNt :d ,1 ;.t:f ttl(.. ally tu btellle Vl.nl 5 

F yarn pie b 

Chemical Stability of Gly M,M Human Insulin in Preparations 



Ihroo preparations containing 0 24 mM of Gly A?1 human insulin (zinc free), 0 26 c o (w v) of phenol and 
1 6 °o (w v) of glycerol were prepared and their pH value adjusted to 3.0, 4 0. and 5 0. respectively 

Samples wore analyzed after storage at 45 * C for two weeks using human insulin preparations ft the 
same ! omposition as reference. 

lahle t shows the content of insulin dtmorization and polymerization products as do;oi mined Fy 
HPSf-S (High Performance Sr/e Fxelusion Chromatography). 

I aolo 2 shows the content of insulin deamidation products determined by DISC PAGL (Poly Acrylamide 
Gei Florin >pnorosis t 
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Table 1 



pH of Preparation 


Human Insulin 


A2 1 

Gly Human Insulin 


3.0 


4 . 9% 


0.31% 


4 .0 


41 .6% 


1.0% 


5 .0 


16.1% 


2.8% 


Dry Insulin 


0.29% 


0.05% 


Table 2 




pH of Preparation 


Human Insulin 


A2 1 

Vjiy numan insulin 


3 . 0 


90% 


2% 

3% 


4 . 0 


40% 


5 . 0 


3% 


4% 


Dry Insulin 


0.5% 


0 .5% 



Rioii-iqu"«"il Potf:fir:y uf City' 1 ' 1 Human Insulin 

Investigation arc. dieting lo the British Pharmacopeia, 1980 edition, of the potenry of Giy A,M human 
nsrhn shewed that this was approximately 85% of that of liuman insulin Within the dost; range relevant for 
♦too ,;[""■! p:i-|- ' >•:»:<- n. . tev, m an ; f r.t nt i on r wotp '"•h^.r-rv* 
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i'.)!jtn.fi (lb ml) containing protamine sulphate (37 mg). m-cresol (50 mg) and magnesium chloride (POO 
mg). I ho pH is adjusted to 3.5 and the tital volume is adjusted to 25 ml with water, finally, the solution is 
:-U:i il..-i;d by filtration and transferred aseptically to sterile vials 

Hie absoiption of this preparation after subcutaneous injection in pigs was found to be substantially 
rlujvor than that of the well known insulin suspension Protaphann ;S HM 100 IU ml 

I ho features disclosed in the foregoing description and in the following claims may, both separately and 
m any combination thor oof , by material tor realising the invention in diverse forms thereof 

Claims 

Claims for the following Contracting States : AT, BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

1. Insulin derivatives of the general formula I 



INSUL-A21 

I (I) 
B30 



wherein INSUL represents des(A2l|, des(B30) human insulin, characterized in that A21 represents one 
of the amino acids Ala, Gin, Glu, Gly, His, lie, Leu, Met, Phe, Set, Thr, Trp, Tyr, Val or hSer connected 
*o Cys AJ0 in INSUL. and B30 represents hydrogen or one of the amino acids Ser, Ala or Thr connected 
to Lys B;Jl) in INSUL. and preferably A21 is different from Phe. 

2 Insulin derivatives according to Claim i. wherein A21 represents Gly. Ala. Ser, Thr. or hSer, and B30 
represents Ala or Thr 

3. Preparation characterized in that it contains a compound of formula I stated in Claim 1 or 2 above with 
the definitions stated therein. 

4. Preparation according to Claim 3. c haraoteuzed in that it is soluble 

5. Piopaiatiun according to Claim 4, characterized in that it contains a compound which enhances the 
absorption. 

6 P'opa-ation according to ,_lai:r. 5, characterized \\\ that said compound is a magnesium salt 

7. Preparation according to claim 6, characterized in that it is a solution with a pH value in the range of 3- 
4 and that it contains magnesium ions in a concentration of 0 005 M to 0.5 M which preparation 
[Mt forably contains a <. omoound of formula ' therein A?1 is different from G!n 

8- P'- pa'ati' 1 !) <i' ' ording to <■ lairn 5. characterized sn that said con ijh n ji n i is argirnnc or iysine 

9. Preparation ai'ording to Claim 3. 4. 6, / or H t I laracter izcd in that it contains zinc urns ,:nH c 

c taCir-. 

10. Preparation according to any one of Claims 3 to C J. characterized in that it has a pH value rn the range 
Of from '? 0 to H. preferably from 2.5 to 8 

11. P'o| ■arati. >■) a< < -•dirxi to any one of Claims A to 0. r har ar t< rized in that it ha-" a pH vale:' in *h. ra: 
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INSUL-A21 

I (II) 



wherein A21 is as defined in claim 1, and X is a bond, an amino acid residue or a peptide residue 
hridgmg the carboxyl group of Lys H " >9 to the amino group of Gly A1 , is reacted with an amino compound 
of the general formula III 

/-OR (III) 

wherein Z is Thr, Ala or Ser wherein any hydroxy group may he protortod. and R is a i.irtiuxy 
protecting group, using trypsin or a try ps i n- 1 ike enzyme as a catalyst in a mixture of water and organic 
solvents whereafter the carboxy protecting group and any hydroxy protecting group is removed 

13. Me'.hod according to claim 1?, wherein X is a moiety of the formula IV 

•(0.,-K),- (IV} 

wherein Q is a peptide chain with q ammo acids, q is an integer from 0 to 3 3, K is Lys or Arg, and r is 

zero or one 

Claims for the following Contracting States : ES, GR 

1. A method for the preparation of insulin derivatives of the general formula I 



INSUL-A2 1 

i (i) 

B30 



wherein INSUl represents des(A2D, des(B30) human insulin, and A21 represents one of the amino 
a--d- Ale. (Vr, G!;. hi. ! I ~ h- Lee. Met, Phe. Ser It::, hp. lyr. Va! or hSei • ^o-m t»-.j to Cys/'--' m 
iNbUL . and B30 represents hydrogen or one of the amino acids Ser. Ala or Thr connected to Lys H '" J in 
INSUL and preferably A21 is different from Phe. wherein a biosynthetic precursor compound having 
the general formula II 



I NSUL-A2 1 



ID 



wherein A? I is as defined above, and X is a bond, an amino acid residue or a peptide residue budging 
the oarboxyl group of l ys 029 to the amino group of Gly A1 . is reacted with an amino compound of the 
general for mula III 
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2. Method according to Claim 1, wherein X is a moiety of the formula IV 
-(Q. r K) r - (IV) 

wherein Q is a peptide chain with q amino acids, q is an integer from 0 to 33, K is I ys or Arg, and i is 

■!■') or one. 

3. A method according to Claim 1 or 2. wherein A21 represents Gly, Ala, Ser. fhr or HSer, and B30 
represents Ala or Thr. 

4. Use of an insulin d~ uvativo of the general formula I 



TNSUL-A2 1 

i (i) 

B30 



wherein INSUL represents des(A21), des(B30) human insulin, and A21 represents one of the amino 
acids Ala, Gin, Glu, Gly, His. lie, Leu, Met, Phe, Ser, Thr, Trp, Tyr, Val or hSer connected to Cys A: '° in 
INSUL, and B30 represents hydrogen or one of the amino acids Ser, Ala or Thr connected to Lys Ei: ' H in 
INSUL, and preferably A21 is different from Phe in a method of manufacturing a preparation for the 
treatment of diabetes rnellitus 

5. Use according to Claim 4, wherein the preparation to be manufactured is soluble. 

6. Use according to Claim 5. wherein the preparation to be manufactured contains a compound which 
enhances the absorption 

7. Use according to C laim 6. wherein said compound is a magnesium salt 

3. Use act urdmq In Claim /. wherein the preparation to bo manufactured is a solution with a pH vale -n 
sic •aujt. ui 3-4 t ;nd contains magnesium iont in a concentration of 0.005 M to 0.5 M, which 
[. reparation preferably contains a compound of formula I wherein A21 is different from Gin 

9. !)■>■ a 1 ■ ■ r .; c 0 aim c. whc:e:r. said compound is arqmiiie oi lysino 

10. Use according to Claim 4, 5. 7, 8 or 9, wherein the preparation to be manufactured contains zinc ions 
and or protamine 

11. Use according to any one of Claims 4 to 10, wherein tne preparation to he manufactured has a pH 
v.ilut! in the range uf from 2 0 to 8. preferably from. 2 S to 8 

12. U-t: a< i irdinij hi any one of Claims 4 to 10, wherein the preparation to he manufai hired has a pH 

in the :are;e of from 'J b to 4 b or hum G b to 8 0 

Patentanspruche 

Patentanspruche fur folgende Vertragsstaaten : AT, BE, CH, DE, FR. GB, IT, LI, LU, NL, SE 

1. Inrulindenvat. d-:i allq. -rr. ooi I .-,^-,,-.1 \ 
T \j t tt A 9 1 
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vyl'L'm INSUL des(A21) desi B30)-Humaninsulin dar stellt dadurch gekennzeichnet. da/3 A21 en it; der 
Anninosaufen Ala, Gin, Glu, Gly. His. Ho, Lou, Met, Phc, Ser, T hr. Trp, Tyr, Val odor hSor darstellt, dio 
i in < iu- Oys"''' 1 in INSUl gebunden smd. und B30 Wasser stuff oder eine der Aminusauren Ser, Ala uder 
flu darstellt. die an das Lys B '^ in INSUl. gohunrif >n vied, und bevorzugt ist A21 von Phc verschioden 

2. Intalindt ..;nvat nach Anspruch 1. wobei A21 Gly, Ala. Ser. Ihr ode:r hSer darstellt und B30 Ala oder Ihr 
darstellt 

3. Praparat, dadurch gr kcnnzeichnet, da/3 cs cine Vcrbindung dcr Formel I, die oben in don Anspruchon 1 
eder 2 mil den darn angegebenen Defindionen angegeben ist, enthalt. 

4. f 'r a f jar at nach Anspruch 3, dadurch gekennzeichnet, da/3 es loslich ist. 

5. Praparat nach Anspruch 4. dadurch gekennzeichnet, da/3 es cine Verbindung enthalt. die die Abs< .Tptu -.n 

vCi OCSSOrt 

6. Praparat nach Anspruch 5, dadurch ge^ ennzeichnet, da/3 dre Verbindung em Mayne siurnsalz ist 

7. Praparat. nach Anspruch 6. dadurch gekennzeichnet. daft es eine L 6 sung mit einem pH-Wert irn 
PeiuiCh von 3 bis 4 ist und da/3 es Magnesiurnioncn in einer Konzentration von 0,005 M bis 0,5 M 
enthalt wobei das Prar_arat bevorzugt eine Verbindung der Formel I enthalt, wobei A21 von Gin 
vorschicden ist 

8. Praparat nach Ansoruch 5. dadurch gel« ennzeichnet. da/3 dio Vcrbindung Arginin Oder Lysin ist. 

9. Praparat nach Anspruch 3, 4, C. 7 oder 8, dadurch gekennzeichnet, da/3 es Zinkioncn und oder 
Piotarr.m enthalt 

10. Praparat nach einem dcr Anspruche 3 bis 9, dadurch gekennzeichnet, da/3 es einen pH-Wcrt in derm 
Pereich von 2,0 bis 8, bevorzugt von 2,5 bis 8, hat. 

11. r) r..; it nach cinom der Anspruche 3 bis 9, dadurch qekenn/eirhnet, da/3 es omen pH-Wert in dem 
p.t n mi h vi ui 2,5 his 4,5 crier von 6,5 bis 8,0 hat. 

12. wrfahicn zurn Herstellon von Insulindenvaten nach Anspruch 1, bei dem cine biosynthetischc 
F'lakursor-Vorbindung mit dor allgemoinen Formel II 

INSUL-A2 1 

I (II), 
X 

U\ A21 a:.' r. Ansprei h 1 d*'finieit e-t and X trie BieOang. ein Ammesaurerest edcr em Pe; ■ 1 r * - ■ ! 
'. de i de. Gad -oxylgii.ppe von Lys tv ' zu dei Ammn. jruppe von Gly'"' cberbrcckt. mit emer 
Amm-. ivor hindung der allgemoinen Formel III 

/-OR (III) 

eoagiort wnd wMtoi / Ihr Ala ^">dcr Ser ist. wohoi y •;!< *v Hy iu , , v ,- jr: p.r.o •• • h'.t^? -.vender: ka-': ee J 
m >■(..■ (.:. : d- ^v-S'.fi'.t/e-i.de Grappe is!. .velGie le/psm ^dcr cm PyieiN .eme hes Enzym >■''■ 
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ist. wobci Q cine Peptidkette mit q Aminosauren ist. q eine ganze Zahl von 0 bis 33 ist, K Lys odor Arg 
ist unci r Null oder Fins ist. 



Patentanspriiche fur folgende Vertragsstaaten : ES, GR 

1. Vorfahron /nm Horslellon von Insulinderivaten der allgomeinon Fornnol I 



INSUL-A2 1 

I (I), 

B30 



wnhot INSUl. des(A2l>, dos(B30)-Humaninsulin darstellt und API cine der Aminosauren Ala, Gin, Glu 
Gly. His. lie. Leu, Mot, Phe, Ser. Thr. Trp. Tyr, Val oder hSer darstellt, die an Cys A20 in INSUL 
gobunden smd, und B30 WasserstoH odor cine der Aminosauren Ser, Ala oder Thr darstellt die an 
Lys Ll ^ in INSUL gebunden smd, und bevorzugt ist A21 von Phe verschieden, bei dem eine biosynthoti- 
sshe Prakursor-Verbindung mit der allgcmeincn Formcl II 



INSUL-A21 

I (II), 
X 



wobet A21 wie oben definiert ist und X eine Bindung, em Aminosaurerest oder em Peptidrest ist 
d-. - iiu CarbC'xylgruppe von Lys H/r) zu der Aminogruppo von G I y A 1 uberbruckt. nut cinor Ammovorbin- 
dung der allqememen Formol III 

/-OR fill; 

roagioit wirri. woboi Z Thr, Ala oder Ser ist, woboi jegliehe Hydroxygruppe geschutzt werden kann und 
1 ' •■■[■•■ ' — h'.;t/..''-:dv Goppe !. ,7000; ;: r ps;;i ..idor o,o irypstn ahull- Lnzym ais r\a:a>, * a- 
toi in oinor Misohung aus Wasser und organischen Losemitteln verwendet wird, wonach die GarbcKy- 
schjtzende Gruppe und jeglich«> Hydro> y-schutzende Gruppe entfernt wird 

2. Verfahron naOi AnspruG) 1. bei dem X em Anteil der Formal IV 

o J . K ). - CIV) 

ist. wnbci 0 fine Pt:[ 'tii tkoth ; r t ■ 1 1 q Amim >saur on ist, w •[ ■■ i o uioo ganzu Zahl vm 0 bis 33 ist K 1 

■ ' U_-\ Arg ist end t Null o> let I n. ist. 

3. Vtofahron naoh Ansproch t oder 2, bei dem A21 Gly Ala. Ser Thr odor hSer darstellt und P30 Ala 
odet Ihr darstellt. 



4. V< -r wendung nrr-r ln t; r i':n> 1r r ivrite? dor nMqemeinr n f • "mo! ! 
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vv<jU.;i INSUL dos(A21), des(B30)-Humanmsulin darstelit und A21 erne dor Ammosauren Ala, Gin. Glu. 
Gly. Hi si. llo, Leu, Mot, Phe, Ser. Thr, Tip, Tyr, Val oder hScr darstelit, die an Cys AL '° m INSUL 
yt -ti-jtidf ;n smd. und B30 Wasserstoff oder eine dor Aininosauren Ser, Ala odor Thr darsteilt, die an 
[ ys h '' H in INSUL yebunden smd und bevorzuyt ist A21 von Pho vorschicden, in einem Vcifahron zum 
Hi TStollt :n ernes Praparates fui die Bohandlung vnn Diabetes mollitus 

5. Voi wondung nach Ansmuch 4, Aobei das herzustellende Praparat loslich ist. 

6. Vorwunduny nach Anspruch 5, wobei das herzustellende Praparat oino Vcrbindung cnthalt. die die 
Abs'.'i ptien verbessert 

7. Vuiwenduny nach Anspruch 6, wobei die Verbindung ein Maynesiumsalz ist 

8. Vorwcnduny nach Anspruch 7. wobei das herzustellende Praparat oino Losung rnit cinem pH-Wert in 
dorn Bcreich von 3 bis 4 ist und Magnesiumionen in ciner Konzcntration von 0,005 M bis 0,b M onthalt. 
wobei das Praparat bcvnrzugt cine Verbindung dcr Forrnel I enthalt, wobei A21 von Gin verschiodon 
ist 

9. Vorwcnduny nach Anspruch 6, wobei die Verbindung Arginin oder Lysin ist. 

10. Verwenduny nach Anspruch 4. 5, 7, 8 oder 9, wobei das herzustellende Praparat Zinkionen und odor 
Protamm onthalt. 

11. Vorwcnduny nach cinem dcr Anspruche 4 bis 10, woboi das herzustellende Praparat omen pU-Wort in 
dem Bereich von 2,0 bis 8, bevorzugt von 2.5 bis 8 hat 

12. Voiwenduny nach emem dor Anspruche 4 bis 10, wobei das herzustellende Praparat emen pH-Wert i m 
Boroich von 2,b bis 4,5 oder von 6.5 bis 8.0 hat. 

Revendications 

Revendications pour les Etats contractants suivants : AT, BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

1. Uonvcs do I'msulinc dc- la formuie generale I 

INSUL-A21 



dans layuollu INSUI represents I'insulino humaine dosoA2l) dos(B30). caracter:ses en ce yu'APl 
ropnTonte l':.n ovs n< -des aminos Ala, Gin. Glu. Gly, Mis, lie. Lou, Mot, Pho, Sor, I hi, lip, I y r, Val eu 
l,Sei ml.- a C v -"-'* ! d,;ns INSUI el B30 repr^'nte I'hydr >yene r»u I'un des a« j'.Ks amines St i Ala mi 
Hp mh' a I v' 1 '' dam- INSUI . • t do pmf^on; 0 A2 1 est decreet do Pho 

2 : >>''■',>': i i'm- .iiino si I !i k: [.--ciyi at:en I . dans lesuu'is A21 tepiesento Gly Ala. Set I hr eu hS" 
rt B30 leprf'snnte Ala )u Tin 

3. Preparation <" ar a-" to i is*'' e en re qu'olle contient un compose do formuie I designe dans la revcndieatien 
1 eu 2 (. i-dcssns avee les definitions enoncees dans celle-ci 

4. p.-: Mia* • r= ! a u -.vine at.Mn '{ ,^>,, hi^ en m • oa'eHr est s.'.iuhte 
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9. Utilisation Solon la i ovendication 6, dans laquelle le compose est I'arymine on la lysine 

10. Utilisation Solon les revendications 4, 5, 7, 8 ou 9 dans laquello la preparation a fabnquer contient dos 

on s do t ' i no ot ou la protamine 

11. Utilisation selon Tune quelconque des revendications 4 a 10, dans laquelle la preparation a fabnquor 
possede une valeur de pH dans la plage allant do 2,0 jusqu'a 8. do preference de 2,5 jusqu'a 8 

12. Utilisation selon Tune quelconque des revendications 4 a 10, dans laquelle la preparation a fahnqnor 
possede une valeur de pH dans la plage allant de 2,5 jusqu'a 4,5 ou de 6,b jusqu'a 8,0 



